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Abstract 
A growing demand for deployment of autonomous battlefield sensors and sensor networks is leading to a subsequent 
increase in the demand for localized, independent energy harvesting capabilities for each node. In this paper, several 
methods of energy harvesting are summarized. By utilizing energy form the surroundings, small amounts of power 
can be harvested from wind, solar radiation and stress sources. Energy harvested is converted to battery potential via 
a converter. Operation flowchart of the system is presented. Meanwhile, an algorithm for the sensor network to 
adaptively learn its energy environment has been studied. Schemes summarized in this paper can be of guidance for 
design and utilize energy harvest systems on the battlefield network sensor nodes. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
Keywords: Battlefield sensor node; Energy harvest; Surveillance  
1. Introduction  
This work was aimed at developing a new class of battlefield sensing systems that can wirelessly report 
data with self-power capability. These sensors will rely on harvesting energy from the local environment 
for power. These will allow network nodes to be monitored without the need for a battery maintenance 
schedule. Wireless sensor network continues to evolve at a rapid pace, and the next generation of self-
power nodes can and will benefit from present and future developments. Wireless networks coupled with 
intelligent sensors and distributed computing enable a new paradigm of battlefield sensing. However, 
wireless sensors still require system power in order to operate. Most prior wireless systems have relied on 
continuous power supplied by batteries. The disadvantage of traditional batteries, however, is that they 
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become depleted and must be periodically replaced or recharged. Given the limitations of battery power, 
there is a need for systems which can operate effectively using alternative power sources [1]. In this work, 
we have summarized several methods which can harvest energy from the local environment to provide the 
power needed for operation. 
2. Battlefield Surveillance Systems Overview 
Deeply embedded and densely distributed networked systems that can sense and control the 
environment, perform local computations, and communicate the results will allow us to interact with the 
physical world on battlefield. Such an approach will enable military forces to blanket a battlefield with 
easily deployable and low-cost sensors. There are plenty of sensors that are well suited for wireless sensor 
networks in general, owing to their low power, small size, and low cost. Passive sensors detect and 
measure various analogues of a target including its magnetic, thermal, or acoustic signature. Active 
sensors, such as ultrasonic and radar, can measure a target’s presence, range, velocity, or direction of 
travel by how the target modifies, reflects, or scatters a signal transmitted by the sensor [2]. 
Battlefield surveillance systems must survive in the real world and consequently, their designs are 
constrained by practical matters. One such fundamental constraint is energy. Usually, wireless sensor 
nodes use stored energy (e.g. batteries). The disadvantage of traditional batteries, however, is that they 
become depleted and must be periodically replaced or recharged. This constitutes an additional 
maintenance task that must be performed. There is a need for systems which can harvest energy from the 
local environment to provide the power needed for operation. 
3. Energy Harvesting System Scheme for Wireless Sensors 
3.1. Framework 
Since the acquired environmental energy is quite limited, the energy harvesting device should be 
designed with high efficiency, which converts, collects, and stores the energy to power the sensor node as 
needed. As shown in Fig 1, an energy harvesting wireless sensor has a complicated architecture including 
an energy harvesting module with two built-in units: harvesting device unit and energy harvesting circuit 
unit. The harvesting device is a primary unit that produces electrical energy from the ambient. 
Rechargeable chemical batteries and ultracapacitors are commonly used as energy storage devices [3].  
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Fig. 1. general structure of an energy harvesting module and wireless sensor nodes 
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3.2. Energy harvesting scheme 
• Solar energy harvester 
Wireless sensor networks for battlefield environmental monitoring are a class of systems where solar 
harvesting circuits have been recently proposed to increase the autonomy of the nodes considerably. Solar 
energy harvesting techniques can solve the problem by supplying and converting energy from the 
surrounding environment and refilling an energy buffer formed by a battery stack or by ultracapacitors. 
Energy scavengers using small photovoltaic PV modules have been recently proposed to enable perpetual 
operation of WSN nodes. Several solutions have been presented in the last years: Jiang [4] and Heliomote 
[5] were probably the first proposals to supply a sensor node with the help of a small PV module. The 
replenishment of energy buffers is performed by a direct connection between the PV panel and the 
storage device. The low energy budget available does not help to perform an efficient replenishment of 
the storage devices. Under varying temperature or irradiance conditions the output characteristics of a PV 
module changes non-linearly. Brunelli [6] proposes a scavenger that exploits miniaturized photovoltaic 
modules to perform automatic maximum power point tracking at a minimum energy cost. The system 
adjusts dynamically to the light intensity variations.  
• Wind energy harvester 
To expand the duration of time each node can last in the battlefield, Weimer [7] proposed a remote 
area sensor network which employs a local anemometer for wind speed measurement. Due to the large 
amount of un-polled or sleep time available at the system anemometer and the nearly continuous motion 
of the cups, it is feasible to use the motion of the anemometer shaft to drive a small alternator. In turn, the 
alternator will provide small amounts of rectified and filtered DC power to the central system batteries, 
trickle-charging the main battery bank over extended periods of time. The result is an efficient harvesting 
system capable of providing small amounts of power to charge the central system batteries without 
adversely affecting the ability of the anemometer to measure wind speeds with a high degree of precision.  
• Piezoelectric energy harvester 
Rastegar [8] proposed a piezoelectric based energy harvesting power sources for use in gun-fired 
munitions or other similar applications requiring high G survivability. These power sources are designed 
to harvest energy from the firing acceleration as well as vibratory motion and spinning of munitions 
during their flight and convert it to electrical energy that could be used directly by power consuming 
electronics onboard munitions or stored. The power generating devices that harvest the stored potential 
energy while being suitable for mounting on gun fired munitions. Piezoelectric stack elements are used to 
convert the stored potential (mechanical) energy into electrical energy. Such piezoelectric stacks are 
positioned at one of the spring element ends, preferably between the spring element and the munitions 
platform.  
• Magnetostrictive energy harvester 
Wang [3] proposed a new class of vibrational energy harvester based on Magnetostrictive material 
(MsM) Metglas 2605SC. The harvester is deigned, developed, and tested in building practical energy 
harvesting wireless sensor networks. Compared to piezoelectric material, Metglas 2605SC offers 
advantages including ultra-high energy conversion efficiency, high power density, longer life cycles 
without depolarization issue, and flexibility to operate in strong ambient vibrations. To enhance the 
energy conversion efficiency and shrink the size of the harvester, Metglas is annealed in the direction 
normal to the axial strain direction without the need of electromagnet for applying bias magnetic field.  
3.3.  Energy harvesting system operating flow 
To operate the energy harvesting system, the microcontroller must be programmed with certain  
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operation flow. Fig 2 summarized the main steps to follow [9]. 
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Fig. 2. harvester operation algorithm 
3.4.  Task scheduling algorithm 
Environmental energy is typically not be spread homogeneously over the spread of the battlefield 
surveillance network. Kansal [10] proposed a method to align the task allocation with the spatio-temporal 
characteristics of energy availability. The need to design new algorithms for scheduling and task 
allotment within the sensor network when nodes are provided with recharging capabilities is observed. 
The Algorithm includes the following two steps: 
Adaptively learn the energy properties of the environment and the renewal opportunity at each node 
through local measurements. 
Make the information available in a succinct form for use in energy aware task assignment such as 
load balancing, leader elections for clustering techniques, and energy aware communication. 
4. Conclusions 
The methods and technology of wireless network systems are normally applied to battlefield situation 
threat assessed. It has great meaning to recharging the sensor nodes in the real battlefield and war game 
using different environmental energy. The study has opened up a few key issues for future investigation 
on battlefield energy harvesting technology, including several kinds of energy harvesters, software design 
problems, and solutions for task allotment. 
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